Trimethoprim resistance dihydrofolate reductase genes from plasmids known to be exchanging between human and animal populations were mapped. The dihydrofolate reductase gene has been highly conserved in all plasmids, but differences in the flanking regions provide evidence that the most recent exchange of plasmids between the two ecosystems has been from animals to humans.
Trimethoprim resistance dihydrofolate reductase genes from plasmids known to be exchanging between human and animal populations were mapped. The dihydrofolate reductase gene has been highly conserved in all plasmids, but differences in the flanking regions provide evidence that the most recent exchange of plasmids between the two ecosystems has been from animals to humans.
In a previous study (2) , IncFIV trimethoprim resistance (Tpr) plasmids belonging to three evolutionary groups were shown to be present in Escherichia coli isolates from both humans and intensively reared pigs. One group of plasmids was found exclusively in isolates from humans, another group was found in isolates from pigs, and the third group consisted of plasmids from both sources. The Tpr genes from representatives of these plasmids were cloned into pACYC184. The sizes of the cloned Tpr fragments varied considerably, from 27.2 to 5.3 kilobases (kb), but all were shown by DNA hybridization to contain the type II dihydrofolate reductase (DHFR) gene. This was in contrast to findings in Europe, where the type I DHFR gene is the predominant determinant associated with high level Tpr (3, 4, 6) . The association with the rare IncFIV group and the less commonly encountered type II DHFR gene (5) suggested a common ancestry since it was unlikely that such properties could have arisen independently in both ecosystems. This implied that in the Perth community, Tpr plasmids had evolved from a common ancestral IncFIV plasmid carrying the type II DHFR gene and this plasmid had then evolved independently as it transferred between the bacterial flora of humans and animals. Furthermore, the remarkable similarity among the plasmids of the third group provided clear evidence of recent interchange of E. coli containing R plasmids between animals and humans. However, it was not possible to conclude on the basis of the data (2) in which direction the transfer may have occurred. Resolution of this question has important implications for the use of antibiotics in veterinary and agricultural practice. As an extension to this study, the Tpr genes were mapped to assess the degree to which the evolution of the resistance gene had paralleled that of the plasmids as a whole and to gain insights into their ancestry.
The maps of the EcoRI fragments containing the Tpr genes from each of the sets of plasmids are shown in Fig. 1 and were constructed by analysis of single and appropriate double and partial digests with EcoRI, HindIII, BamHI, and PstI. DNA manipulations and mapping techniques used in the construction of the maps have been described (2) . The plasmid sets shown in Fig. 1 refer to the groupings assigned on the basis of incompatibility, resistance pattern, and restriction profiles described in our previous report (2) . Sets A, B, and C represent the group of plasmids exclusive to * Corresponding author.
isolates from humans. Most representatives of these sets had identical restriction fragment profiles, and differences could be explained by relatively minor rearrangements of the DNA sequence. Sets E and F represent the plasmids exclusive to pigs and had virtually identical restriction patterns. Sets D and D' represent the third group of plasmids transferred from isolates recovered from humans and pigs, respectively. The restriction profiles of some of the plasmids were almost identical, even though they were isolated from different ecosystems.
Earlier studies suggested that there were extensive differences in the Tpr genes from each of the plasmid groups, because they were located on different-size EcoRI fragments. Furthermore, the type II DHFR probe hybridized to different-size fragments in EcoRI-HindIII digests of the Tpr clones (2). However, comparison of the maps shows that the region containing the Tpr gene has been conserved in each set and that differences in restriction profiles are due to variations in the flanking regions only. There is an identical 3.79-kb region in all plasmids (shaded areas on the maps) except those in set C. To confirm and define more precisely the location of the Tpr gene, EcoRI-HindIll, EcoRI-BamHI, and EcoRI-PstI fragments were subcloned into pBR322 with selection for Tpr. In set A (Fig. 1) With respect to the regions flanking the conserved sequence, the set A, B, and C plasmids are quite different from those in the other two groups. In contrast, the set D, D', E, and F flanking regions are identical to the left of the BamHI site at 4.74 kb, and the differences to the right of this site could have occurred as a result of a single deletion or insertion event. The differences among the plasmids in these sets are no greater than those among the plasmids in sets A, B, and C.
Previous studies demonstrated clearly that plasmids of sets D and D' had recently exchanged between the human and animal ecosystems, since they had virtually identical restriction profiles and shared many other characteristics (2) . However, these plasmids appeared unrelated to the set A, B, or C plasmids from humans or the set E and F plasmids from pigs, and thus it was not possible to ascertain in which direction transfer had occurred. Circumstantial evidence for animal-to-human transfer was provided by the finding that the set D and D' plasmids coded for resistance to mercuric ions (2), a marker also present on the E and F plasmids from pigs but absent from the plasmids from humans. The data presented in the present study show that the regions flanking the Tpr gene in set D and D' plasmids are closely related to those of the set E and F plasmids of pigs but unrelated to those of the plasmids from humans. Based on these findings, it seems quite likely that the set D plasmids which were found in humans have their origins within the piggery environment and bacteria carrying this plasmid recently entered the hospital environment.
